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Magnetic Disturbance Statistics From a Single Station
Q Index Applied to an Actual 0TH-B Radar Situation

1. INTRODUCTION

In a preliminary study, the magnetic activity index Q (observed from a single

ground station, Sodankyla, geographic coordinates 67. 4*N. 26. 6*E; corrected

geomnagnetic coordinates 63. 4'N, 108. 9'F) was used to determine the duration of

various levels of magnetically disturbed] periods. It was noticed that the Q index

measured from a sin~gle station, which moves in and out of the auroral oval due to

thp rotation of the rarth, shows a strong- diurnal variation. This report attemipts

f, eliiminate the diurna! trend Ccon. the data and pre-sents the corrected statistics

of tY-. durati cr5 of thep dis turbed pe riodis. Tis anaivsi s is based on the Q index

d'l or the ],,-,I~74 that showed thep largest miagnetic dis turbancies during the

2Othi solar c('Ile.

In ti n second halIf a f this repo~rt , the- statistics of the duration of thef disturbed

farnd the 1nAlvti':al presents! oil of the auroral oval are combi nedi to deter -

iivOo ii. pac t )f thte aurorai on the geog rapical a rea of the 0TH -1 F xperimental

lRada r System1 (FI).~Y1

rHrev~ or puhlication 181 December 197f)
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2. ANAIYSIS %NI) INTERIPRETATION

To determine a pro ess, for the elimination of the diurnal variation of' the Q

index from a single station (Sodankvla), it is necessary to understand the cause

and the extent ir the .liuril vaiation. lor this purpose the decile curves fot the

1974 Q-index data are pres, nted in ligtre 1. The abscissa shows the time in ('T
and the ordinate sht)w the Q index. The ordinate scales of' the curves are staggered

to avoid the mixing of the docil c curves. A h)ok at the figure reveals that all the

curves show a svstentatic mininum between 06-10 UT and a maximunt between

20-02 UT. Combining the auroral dynamics with the geographical location of

Sodankyla, results in the maxinum distance between the oval and the station at

09 UT and the minimum distance at 23 UT. These timings match with the timings

of the minimum and of the maximum in the diurnal variation of the Q index. Addi -

tional proof is the behavior of the top percentile (100 percent), that includes the

highest values of the Q index. The 'highest values refer to severe magnetic dis-

turbances. One would expect these to occur randomly and thus be uniforntlv dis-

tributed over the time scale. As shown in Figure 1, the Q index never exceeded

the value of 5 in the time interval 0730-0915 UT, whereas it attained the levels 8

or 9 in the time intervals 1900-0500 UT,

8
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Thus,, even during the most severe global disturbances, the diurnal oval motion

modulates the observed level of disturbance showing that Q is truly an auroral

parameter.

The distribution of the observed Q values For 19)74 is similar for all phases cf'

the solar c ycle. The fact is seen in the 100 per-centile curves for 1965, 1969, 197 1

and (1974 for conipleteness) again 1974 (FigZures 2a tO 2d11. 1lowever the mcaximurn

level of Q=9 is never observed during 1965, the year of* minimumn activity in the

previous (20th) solar cycle. Also the highest values of Q observed during; the

quietest time of the day (Q 3 ait 0815 ITP ar Ic oser than for, any other year of the

solair cyclIe. 'Ihe most pnhanc P1 dist tihutior, of Q is found in 1974, a;bout three

year s after 197 1, the year of :nyrxit' ::: silar a(ctivity.

The des' nbc) d istr ibutit)ii of lht I( Itit, f ntil e curve of Q with a minimium

around local iag!netic cc idnifflhc \as Ics-; (,, by liartels and Fukiishimca, who

initial ly sugizested the icethind of ietprcii i c the Q index from D, and if1 observa -

lions of mnagnetic components f'ron' iltirdi st-Ation-.

Thus, one can visualize a ( rrrer-iioni :itit , !-w;ectci I P-.cWehtei

the locations o~f the orval and the s;tati )7i, lor hc0 cd .t.' i!i ,r~ :i'ri

of the Q index. In determining the 'ta' ve, -il ite c'o he c. ' (e-i. Ice1

Q index has a range from 0 lo " (also "i and IF, 'Ien 4nd lhvn-s tiveiv, c i

an unequal distribution with 60 pei,.;ent of the- valuea it. die range,( of 2. 1Iliua 4

s incpltc arithmetical average would not he appropriate. To overcori e the Iif~ ft~

of el inminating the (laityv trend in the distribution of' fte (Q i ricex, A ratio is doete r -

ined ir'omi each coercent ile curve by div i Iin riglic liieheliet value of' thle poicenPrtil Ic)i

the 'o cres ponilingl 15-r-nin value of' that l)er'c-entiLIc. Pet'c entief curves a ii Q- 0 atrr

not uised. 'Thus- r'efer'ring to Figure 1, of' the ten curves, the top seven -A iii tilnzero

Qrt- usedl. -1 ie effect Of' n~ot nc'orpot'ating the lowepst thre (,l-e' ilo cir'e.- c rit' t; "

letivniditr.i lpi'ico55 is small, siice tire 10 percentiO, has no diriral vai ition -ndi .,i

tire 20 andJ 30 ppr'i-entiles the dicurnal variationt is orn]% ore Q~ levo. in ,citcar'rsc-

the Ic trr'nal Q levepl raInges 'in' the higher perc'enti Icc arie A~ (Q- , 2, :), 1, 4. 4 cccl

5 levels tfo' die V)l to 100 [percenrtile' coives t'cspe'tivelv. 1cmn thes:e 1tctic ain

aveprage ft.Aitor ",cr cacti in -ruin interval is computel fot' that veal'. 'lli ct cclv shIlmks

that the- Factors- For' paci neat' (ci iot s'hccc airy obviccrs dewenderice 'c) !he lcla' is

the solar cycle. Ilierefore I'or elinciratitig the sla cvcle deppendere i' irc-,t-i'

arc av r'agel f*romr thre ciata for thep fcicr years 1965, 19., 117 1, an cc 1741. Theli

fintal f-i !ors are p te ini 1~ n' 3 and al'e- ,cc1111!1ari zod i, 'I able' 1.

1. ttcnitels, . and Fukushitra, N. (11956) Fin Q-inrcex fr' cficer'cld licatgtisc ipe
aktivi tat i n vi ortestncli'tren irrtr'atln, Ahhctnil. :k:d. Wiss. ;otien
%lath. -lPhts. Kkir-ce. Scrncrhiefl -2.
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Table 1. Empirical Factors for Detrending the Q Index Data From Sodankyla

Hour Quarterly Intervals of the lour Hour Quarterly Intervals of the Hour
(UT1) 1 2 3 4 1 2 3 4

0 1.0 1.1 1. 1 1. 1 12 1.7 1.7 1.6 1.6

1 1. 1 1.2 1.3 1.3 13 1.6 1.6 1.5 1.5

2 1.4 1.4 1.5 1.6 14 1.5 1.5 1.5 1.5

3 1.6 1.7 1.8 1.9 15 1.4 1.4 1.4 1.4

.4 1.9 1.9 2.0 2.0 16 1.4 1.4 1.4 1.4

5 2.1 2.2 2.2 2.2 17 1.4 1.4 1.3 1.3

6 2.3 2.3 2.4 2.5 18 1.3 1.3 1.3 1.3

7 2.5 2.5 2.5 2.5 19 1.3 1.3 1.3 1.3

8 2.6 2.6 2.6 2.5 20 1.2 1.2 1.2 1.2

9 2.5 2.5 2.4 2.3 21 1. 1 1.1 1. 1 1. 1

10 2.2 2. 1 2. 1 2.0 22 1.0 1.0 1.0 1.0

11 2.0 1.9 1.8 1.7 23 1.0 1.0 1.0 1.0

Multiply the observed Q from Sodankyla by the respective factor from
the table for detrending the diurnal variation

3.0 1 1 1 1 I

0.0

i

w

1.0

00 04 08 12 16 20 24
UT

F~i~ure :3. F~actors 1' Q~t''n id 11hr ' (),Ir.e I~~ )ata
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The detrending factors for each 15-min interval are plotted in Figure 3.Th

abscissa shows the time of observation in UT and the ordinate presents the factor

for correcting the observed Q value for the diurnal and solar cycle dependence.

Figure 3 shows that during the afternoon and nighttime, the factors range between

1. 0 and 1. 5 but the factors exceed 2. 0 for a 6-hr time interval centered on 08 UT.

In the following, we will investigate how well the detrending fac-tors in Figorc 3

eliminate the diurnal bias fromn the observed data base. The factors are presented

in Table 1iso as to be easily available for use.

In ujsing these factors it should be noted that- Ia) the observed \A,,LtPs ofvh

Q index are integers ranging from 0-9 (~aeextends up to) 11); whe.! ;i ulth plied!.

some values miay exceed the range; and (b) the factor will not chiant tihe oh-er-va-

tions with Q=O.

This second shortcoming can be rartially overcome byr replacing the ohsf-r.e

value Q 0 by Q=0. 25 and rounding the value aft ~r the multiplication with the- re -

specti cc factor. This brings in a li lemm.ia. OnlY in the2a . of 0- ' 1 ' faictot

~2. 0) will this correction have an effe( t on or' ginslQ:f I)II" t t!e,r r"2 Q ia

this timre inverval will inrvariablv he 1. How ever thr tepi a. e. (Q 0. 2F" will wnot

affec the original values of Qz 0 in the timeo tnt( r-ai I- :. overall effe.

F ~in su It replacemient Q= 0. 25, will be that the ver y iidly di stui-he , -'onditto) z. %itl,

;itPe-it Q= I in the inte~rvak 05-1 XX W will bie a-'i nhilv oxerercphlas-Z-.

III viw o'tf the dilemmra that retainting Q= 0 leadis to in unde'restimiation and

re(p)i Prerent of Q-0 by Q=0. 25 resuilts in sLight ov~restiii ation, and in both cases

to a ' )distortion of the Q distribution for qitod irs r0 5hsbe

'Iii)sen.

' ie e ff: ct of applviog fle fartocs to correct thep Iiutrnal variation in 1974 is

shw in Figure 4. In the Cialirr, (lie abscissa is tie tire in UT andt the or-dinate

prc-,-t th Q index. The, continuous curves show bhe unicorrected value-s. The

loser t-c is for- the ave rage value and thet upper cur-ve i~s the average plus one

s-ta'tird ne(viation. The corresponding detrended curves are shown by, Ohe dashed

lines. 'Ilife diurnal variation of the uncorrected average Q index ranges frort. 1. 2

to 3.. he :avera4ges- determinedl from thne adIjusted values range froi :3, 0 to :3. 2.

Fr the top c urve (average t;u ) lie rangze for uncorrected Q is from 2. 2 to 5. 6.

tIhef adjusted (averag4e curve 4 G ) ranges front 5. 3 to 6. 2. Thus the application of

thre or re(tion actors s igri fi cantl!v reduces the range of the- diurnal variation.

The reduct ion in the dIiurnial variation should also be evident in the seasonial

var-iation of the, Q index. The seaso~nal variation for, 09 Ut. ni inintuni I and 23 UlT

lots -i niut in the diu rnal vari ation of uncorre-cted values and detrended values is

shown for tire year Pi4 in F-igure 5. 1
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In Figure 5, the lower continuous curve shows the seasonal variation of the

observed uncorrected Q values for 09 UT. The upper continuous curve shows the

variation for 23 UT. The difference between the curves is ininium. A Q) 1. 5 in
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July and miaximum, AQ=2. 6 in April. When the obse.'ved Q values are adjusted by

using the factors (froin Table 1), the curve for 23 hr UT is unaffected, sincee this

hour- provided the reference values for the detrendirig factors. The adjusted curve

of 09 U1I, in dashes, lies now close to the curve of 23 UT with largest AQ= 1. 3 in

the month of July. F'or all other months AQ is less than 0. 5. Again the factors

reduce the diurnal variation in the observed utcorrected data for all the seasons.

Due to the systematic rminiiiuni in the diurnal variation in the observed valuies

of thre Q index (uncorrected data), the duration of a disturbance, exceeding a given

Q value based on the original data, will be undleres tim ated. In fact this is Seen by

dividing the data in two 12-hr inevlone around thie period of tile minimum

(0130- 13:30 UT) andl the other around the period of the maximium (1:330-01301 UT) w

the diurnal variation. These results are presented in) J able 2, frori the data of 1!47 1.

Tables 2a to 2f present the probabilities for, the magnetic arti,,itv to exceed thep

levels of Q from 0-8. Iii each table the top linie dies( rihes the selp ition of the da t:i

base, nighttime only, daytime only, or all the data. Tables 2a to 2c, are derived

from flhe uncorrected data and Trahies 2c to 21' are fromn hie diata det - A" d bv 'hl

factors in Table 1. The column oin the le't -hand si t prte ont-i the xi i

disturbance equal to or greater than the given (1) value. There sre 25 cornrc ach

refers to the mninimium duration fort lie- !'or hnc r tie Q [evf-- apf;il( in thce

left -most coluin. Thtus the first coluirn presents all riuratir.ns for' a given .ijel

wh-reas the last column on the right-hand side is 4'c niuratioris exceetfii._ o;.'is

(2-4 hours I. The probability for the occuvrpcr is pct'sented as a pe rent '

year. The top line for each section is 100 per, ent for Q __0. 'I his linle. thouvih an

obvious; result, is adde-d for the sake of (-Jnsistencv, and is needeid it- future comn-

piutat ions.

In 'leerm i ig durations from diay, or, nighttime Oat a the so-c ceigsetectci

Ida c nijgit I periods are treated as continuous. TY s coctilliritc" enables tile dJeter--

inat ion of the probability of duratiomns longer nhap ?2 hi (up to 24 hr).

ini zrneral in a given table the probab iiv c decreases a. lie iurantior )t di sto 'b

nor" is iiicr'"asei (aloncg a given irow). Also for' a Ltiven turliFni,1 till probabilit

'iP, reasr 5 as the Q~ level of the disturbance is iii: rva: ed (dow.n a given -rdun; it.

A corpDar-ison oif probabilities ini Tables 2a and( 2b sho%%s lhat the , rresponding

''rolviblitioe5 at nitthttinie, atrc tat-cer thin thorac at dayvtime. Thre nighrt imie prob-

ihi lities f-rm raw data ('Table 2a)I, show rio si.4nii r(a-t (Ii ffecern-es, froiv; those- from)

ft(e ltt erle'l data 1-table 2 It as anticipated in tile studI. of I able 1. thei probabilities

for tlie 'atc' e arid those for the conibined day and niight tall data hisc) s;how, larLger

changeF- (I abhics 2h and 2ic arid 2c and 2f). A ntiehr interestilUg feature is Ithat the

IOriee hfI ll data) lit iibbitities, liable, 2-t sie about double of Iliosi' un-or'r'e'ted

riig4httiin, probabitities (table 2as). 'Ithus, on the whole, not i-orre-ti igL for' lie'

svs t-rrati,- di urinat variation o' the bhservst iioii resuilts in a -;ee-(-r undricrsli i pion

if Ihti real Drobabil i v.
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Another approach of overcoming this difficulty is to supplement observations

from one station by those from another station with a similar latitude but with a

longitude separation of approximately 1800. The Observatory at College, Alaska

(geographic 64. 9°N, 212. 2°E) satisfies this requirement for the Observatory at

Sodankyla (geographic 67. 4'N, 26. 6'E).

The Q values from College, Alaska are not routinely available. Therefore an

effort is in progress to determine the Q index from the College observations of the

I) and H components. Both approaches, detrending the single station data and

complimenting single station data from a second station, will be followed for over-

coming the systematic diurnal variation of Q from a single station.

3. DETERMINATION OF TIlE IMPACT OF MAGNETIC I)ISTURBANCES ON
THE REGION COVERED IN THE TESTS OF THE OTH RADAR SYSTEM

The irregular features of the auroral and subauroral ionosphere, such as the

auroral F-layer, auroral E s , the highly irregular F-layer (FLIZ or F-Layer

Irregul2"ity Zone), auroral absorption, the mid-latitude F-layer trough, and the

strong gradients at the interfaces of the various ionospheric structures, are all

organized by a ;ow well established frame of reference; The auroral oval. 2 The

dynamic behavior of the auroral oval, controlled by the interplanetary magnetic

field and geomagnetic activity, is reflected in associated dynamic' changes of the

location and intensity of the various ionospheric features mentioned above,

The Over-the-Horizon Backscatter Fxperimental Radar System (OII- ERS)

presently under construction in Maine will operate in an area covering a part of
Greenland, bounded in the east by Iceland, and extending over a large part of the

North Atlantic Ocean.

Fvery night the auroral oval and thus the auroral ionosphere will affect at least

half of the FRS coverage area. The coverage area is shown In Igure 6, super-

imposed on a section of the northern hemisphere, which is plottod in corre(ted

geomagnetic coordinates. This coordinate system is especially useful for 1he

presentation of auroral phenomena such as the auroral oval.
2

'Iwo positions of the statistical auroral oval for Q-3 are shon n I iture 6.
At 02 UT (23 L.T/21 (GT in the center of the F'RS coverage area) the oval exten ts,--

the furthest south (64 (orrected Geomagnetic I.atilude) arnd as sh xn hv the hocation
of rquatorward border (bold continuous curve) it covers the top ipolewarI te -half

area of the radar coverage. At 14 UT (11 I.T/01 ((T in the center fI lie ,.o vetaQP

area) the night sector of tlie oval is In the opposite quadrant and the equatorward

hurder of' the day sector shown h; bold dashet curve now covetrs )nv a stiall sec.tionl

. t.'~ldstec, Y.1. ( 196 1) 0n the niorph,,Il,,v of auroral and magnetic disturhmances
at high latitudes. (;eumag. Aeron. 3:18t3.
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of 0TH -B F RS surveillance area (7 2.50* Cc;L). Referring to Figure 6, it is seen

that for any given level of magnetic activity (in this case Q=3), the obscuration of
the FI{S-test area depends on time due to the diurnal motion of the oval.
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A given ground station at auroral latitudes, as well as the coverage area of

the ERS as a whole, moves underneath and out again from under the oval, each

24-hr period. Due to this diurnal motion, the auroral oval will spread over the

varying sections of the coverage area even for a steady Q index (as seen in Q=3

in Figure 6). Additional variation of the area under the auroral oval influence,

results from the dependence of the oval diameter on Q. These two variations can

be determined in two steps: The variation due to (1) the daily motion of the oval for

each Q combined with, (2) the expected variation of the Q index based on measured

probabilities.

First we will determine the duration for which the equatorward boundary of

the oval will stay equatorward of a given CG latitude for a given Q level of magnetic

activity. Since the oval exhibits a 24-hr periodicity the duration is expressed as a

percent of a 24-hr period. For this purpose we will use the analytical equation of

Starkov 3 which describes 0 , the location of the equatorward boundary of the oval

as a function of t, the hour angle, and Q the level of magnetic activity. This equa-

tion is based on the study of discrete auroral arcs. The equation is given by

0 = 18 + 0.9Q + 5.1 cos (t-12° ) (1)eq

where

0 is the oval boundary,

Q is the level of magnetic activity on the midnight meridian at 65' CGL, and

t is the hour angle measured in degrees from the midnight meridian eastward

towards the morning sector. The equation provides an instantaneous position of the

oval, depending on the value of the Q index. The percent of each day, for which a

point with a specified CG latitude is under the auroral oval has been determined

from Eq. (1). This is done by computing the two values of angle t for a given Q and

a given CG latitude from Eq. (1). The difference between the angles divided by 3600

provides the fractional period of a day for the given Q and A. These are presented

as a function of Q in Table 3.

The left-hand side column presents the CG latitude of the equatorward boundary

of the auroral oval. The Q index levels are shown along the top row. The fractions

of 24-hr periods for given Q and A are presented as percentages along respective

rows and columns. For example, if the magnetic activity is continuously at level

Q=9, the equatorward boundary would be at or lower than 63' CGL for 0. 5 for each

day, that is, for 12 hr of each 24-hr period. The latitudes less than 570 are not

shown since the statistical oval does not reach such low latitudes. In actualitv, on

rare occasions the aurora has been observed at latitudes much further south than the

570 CGL predicted from Table 3.

'J. Starkov, G. V. (1969) Analytical representation of the equatorial boundary of the
oval auroral zone, Geomag. Aeron. (English Edition) 9:614.
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Table 3. Percent of a Day That a Point With a Specified CG Latitude A is Poleward
of the Equatorial Oval Boundary, as a Function of Q

Q Index
A 0 1 2 3 4 5 6 7 8 9 10

57 6
58 8 21
59 13 21 29
60 13 23 29 38
61 15 25 31 38 44
62 17 25 33 38 46 50
63 17 25 33 40 46 50 56
64 17 27 33 40 46 50 58 63
65 21 29 33 42 46 52 58 63 7 1
66 6 21 29 35 42 46 52 58 65 71 79
67 21 29 35 42 48 54 58 65 7 1 79 94
68 29 38 42 48 54 58 67 71 79 100 100
69 38 42 50 54 60 67 73 83 100 100 100
70 44 50 54 60 67 75 83 100 100 100 100
71 50 54 63 67 75 83 100 100 100 100 100
72 56 63 69 75 85 100 100 100 100 100 100
73 63 71 77 88 100 100 100 100 100 100 100
74 71 79 88 100 100 100 100 100 100 100 100
75 79 92 100 100 100 100 100 100 100 100 100

76 94 100 100 100 100 100 100 100 100 100 100
77 100 100 100 100 100 100 100 100 100 100 100

Table 4a lists the probability that the observed Q would lie in a given interval.

Table 4b lists the cumulative probability that the observed Q would be - the given

value. For the sake of completeness the values are listed for the years 1965, 1969,

1971, and 1974 for the data from Sodankyla. The letter (u) refers to the probabilities

from the uncorrected data and (d) refers to those from the detrended data. It is

seen that 1974 has the highest values for the probability (Table 4b).

The product of percent period from Table 3 and the probability in Table 4b

gives the average percent of time that the auroral oval is equatorward of a given

latitude in the coverage area (averaged over the year 1974) for a Q value greater

than the selected number.

Based on Tables 3 and 4b the probable average annual duration of coverage by

the aurora in percent of time in the OTH-B ERS coverage area is shown in Figure 7.

Starting at the lefthand top corner of the coverage area, a very small region shaded

is affected all the time. Approximately one-quarter of the area is affected half of

the time, whereas the area shaded with lines, which forms one-quarter of the

sector in the right-hand bottom corner, is statistically free of any auroral disturb-

ances at all times.
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Table 4. Probability for the Distribution of the Q Index for Various
Years. (a) Uncorrected and detrended. (b) Cumulative Uncorrected
and detrended

(a) Probability (0) for Q to be in a Given Interval

Year
Q 1965 1969 1971 1974

Index (u) (d) (u) (d) (u) (d) (u) (d)

0 62 43 50 36 45 30 23 15
1 19 28 19 24 22 25 22 17
2 9 11 12 12 14 13 18 13
3 5 7 8 10 9 10 15 13
4 2 4 4 7 4 7 9 12
5 1 3 3 5 3 6 6 10
6 1 1 2 3 2 3 4 6
71 1 2 1 3 2 6
8 1 2 1 4
9 2

10 1

(b) Cumulative Probability for Q to be - the Given
Interval

0 100 100 100 100 100 100 100 100
1 38 57 50 65 55 70 77 85
2 19 28 31 41 34 45 55 68
3 10 18 18 30 19 32 37 55
4 5 11 10 20 10 22 22 42
5 3 6 6 13 6 15 13 30
6 1 3 3 8 3 9 7 20
7 2 1 5 1 6 3 14
8 1 3 3 1 8
9 1 1 4

10 1 1 2

u - Uncorrected, d - Detrended

In Figures 6 and 7. the curves have similar shapes. In Figure 6, the curves

present instantaneous positions of the oval (as an example), whereas in Figure 7

the curves present the average percentages of the auroral disturbance., affecting

different regi, ns in the test area. As these two figures present entirely different

aspects of the effects of Q on the test area, the incidental similarity and/or a

match in the shapes of the curves cannot be used for determining the average

distribution of the Q index.
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In Table 2 we considered the durations of disturbances which depended only on

the level of the Q index. Table 3 gives the duration (in percent of a doy) that a

given point is under the auroral oval, as a function of Q. In order to determine

the probability of the duration of a disturhance lasting at a given latitude for i a given

length of time, these two factors have to be combined. This global pobability

independent of longitude can be computed from the equation
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~A,d Z PAQ 1Q.P. d 2

where

PAd is the probability for duration d at geomagnetic latitude A.

P A Qii the probability for the oval to be at latitude for given Q.i (f rom

Table 3),

P Qi. d is the probability for the duration d for the given Q index Q.i (f rom

Table 2f0,

A is the CG latitude of a given location,

4I is the ith detrended Q index,

IIS used for summAtirr river' dl the values of Q (for Q _' 0, L P Qd= 1. 0).

These probabilities for a ions lN-rgths of disturbance2s occurring at different

latitudes aire listed in Tlale 5. Th, lcfthand colamon lists tire CG latitude. Thre

top row lists the pertiod)s for' tire In ration of the disaturbance s. Fo0r cxa mple at 5C^

CGU. durations less thain I fit i~o c oa cc urrernce probability of I percent (0. 01) where -

ais at 770' L. the distu rlmurct' is p)resent iAl the tin-u [1. 0 (100 percent)1. This

computation does not tatke into L~ccount the longitude of any given location. Essen-

tinily the computatiori conve'rts the (Q. di) domain of Taible 2 to the (A. d) domain on

the basis of the Sta rknov equatirin. In computing the probabilities x ith the_ use of

Eq. (2). the respcctive probabilities from Tabltes 2f and 'i have to be used ais frau -

tions (1 1) instead of' pwrcnt:.ges prcsonti'd ini the- talrles. I or' e:':anMJ)] to rOr-plAte

the probability that . point with A -700 ( ' ;i. is najd(I' ai liSttj1rban. rof a mini11MUm1

duration of 12 i'-, Eqj. (2) uses d taj for' d ii' itiriris 01 12 hir (1:3th1 columnr) 11ronr

Taible 2f aind datai for' A =70 i14th row) from11 1 hEt ". Ihle fin. 11 SUM IS, jr'C S0[ti-d

ais percent in 'ale 5 dunig A =700 (1201 rOW) anal( duraion Of 12 hir 1 3th colun).

'Ihe res ult: A prohAhilitv of 51 per er'rt shiows that tii' e'qaatorw.i rd hourid:ir lvof tire

ova w ould be A or below ai CG latituide of 70' with ai conitinuous do iat iOn of At lealst

12 hir for- 51 pf-rcent oif tire %eatr. This pr'ohiiitv i, independent of th' iririgit Ac

of ai given station. l-or determining probihiiities for' ir test n'\ r;rui'r' a a fi>:i'd

g('og rapiiic loingitude if tire locaition on the earrtii. hats to he taken inti ic rnt.
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In deriving probabilities listed in Table 5 the durations at various latitudes

from Table 3 are used. It is recalled that these durations refer to the maximum

available period at a given latitude independent of longitude. In short, it refers

to the farthest extent of the oval without restricting or limiting the location to a

selected longitude. For example, referring to Eq. (1) for the Starkov auroral
circle, the oval is consistently at lower latitudes for longitudes of the night sector

and is consistently at higher latitudes for the longitudes which are in theda sector.

Therefore, the probabilities in Table 5 really refer to the disturbances affecting

the locations on a global scale. In practice, one is restricted to a limited region of

a selected longitude sector. That the probabilities in such a case are much smaller

(especially when longer durations are considered) is seen in the following approach.

To determine the probabilities of disturbance durations for points along a

selected meridian, a direct approach was used. With the use of detrended Q index

data of 1974, the latitudinal position of the equatorward oval boundary for eac h-

value at the Narssarssuaq meridian (NQ in Figure 6) was computed, using the

Starkov equation. From this table of boundary locations, the probability distribu-

tions of durations of disturbances as a function of CG latitude for various time inter-

vals are computed. These are summarized in Table 6. The format of Table 6 is

identical with that of Table 5.

A comparison of the corresponding columns from T,,bles 5 and 6 shows that the

respective magnitudes of probabilities for a global base are larger than those for

a single station like Narssarssuaq. The differences are smaller for shorter dura-

tions in the columns on the left-hand side of the tables ( < 5 percelt up to 4 hours).

These differences increase progressively from the left-hand side tov ard the right-

hand side of the columns. The differences are very significant for larger durations

of disturbances (right-hand side columns). tFor example at 750 CGI. the probabilities

for the disturbances with durations of 3, and 24 hr, on a global ha ;e are 94 percent,

atd 87 percent. The respective values for Narssarssuaq longitude are 91 percent,

and 56 percent respectively.

lor determining the extent to which the probabilities in Table 6 depend upon

longitude, similar tables were computed for the longitudes of stations (CAl' TOBIN

and C \ 1IBOU (TZ and CJ in Figure 6) which lie on the end longitudes defining the

secter of the E 11S test area. The difference in longitude between theae two stations

is equivalent to a time difference of 5 hours. The comparison of corresponding

values with those in Table 6 produced an excellent agreement (w ithin 3 percent) for

95 percent of these values. Thus one can conclude that the vAlues in Table 6 are

reasonably independent of the longitude of the location for duirations up to 21 hours.
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For understanding the relation between the corresponding values of probabilities

listed in Tables 5 and 6 one has to consider several factors. One of the considera-

tions is the variation of the (detrended) Q index with various time-spans. The study

of the 1974 detrended Q index data from Sodankyla shows that on the average the Q

index changes by one unit in the interval of an hour. For all other intervals in the

range of 2 to 24 hr, the Q index on the average changes by two units. Referring to

the Q index term in the Starkov Eq. (1). it is seen that a unit change in the Q index

is equal approximately to 10 change in the latitudinal position of the aurora. Another

factor is the diurnal motion of the oval. Again from the Starkov equation one finds

that at quiet magnetic conditions, that is, Q=0 the oval latitude changes from 770

around local magnetic midnight to 67' around local magnetic noon. Superposed on

this is an expansion or a contraction of the oval with the change in the Q index. It

would be necessary (but rather difficult) to separate these changes for determining

the exact relations in tile corresponding values of probabilities in Tables 5 and 6.

Two factors still missing in the above discussion are: (1) a varying time width

of the El'S test area at different CG latitudes; and (2) the time (CGIT) dependence

of probabilities due to systematic diurnal motion of tile auroral oval.

For determining the probability of auroral disturbance over i, wide longitude/

time zone covered by a test area (like one in Figure ), one has to consider the

length (width) of the window subtended by the sector at each corrected geomagnetic

latitude. Effectively it is the angle subtended by each arc of a CG latitude at the

CG pole. The measured angles at various CG latitudes in the sector of i-igure 7,

are presented in Figure 8. In Figure 8, the abscissa is the CG latitude and the

ordinate on the left-hand side is the angle subtended by the arc of a CUG latitude at

the CG pole. The ordinate on the right-hand side of the figure presents the corres-

ponding durations in hours. From -iguo e 8 it is seen that the time width of the

zone is less than 15 min for CG latitudes below 48 ° and for (G latitudes above 7.

The time width of the sector reaches a maxirnum of 250 min for latitudes 59' to 61'.

Figure 8. Time (overage zit
l)iffe reit Corrected Geomagnetic

\ ' ILatitudes of the I-AiS Test .\rea

A w
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For the diurnal motion of the auroral oval, the latitude dependence on the Q

index and on the CGLT is computed from Starkov Eq. (1) and is shown in Figure 9.

In Figure 9 the abscissa is the corrected geomagnetic local time (CGLT) and the

ordinate presents the equatorward boundary of the oval. The curves are for various

values of the Q index. From the figure it is seen that ovals with Q=O, I do not

reach the latitude A=65*. Even for the highest Q=9, the oval is poleward of A=65'

for the duration 0815 to 1815 CGLT. Thus even in the case of the strongest mag-

netic activity Q=9 with a continuous duration of 24 hr the oval would reach A=65'

only for 14 hr from 1815 to 0815 CGLT. The latitude would be free of auroral

disturbance for the remaining 10 hours. This systematic diurnal effect has to be

incorporated, so that the probabilities in Table 6 would provide a basis for opera-

tional use.

-

'

t: 65,

.61(

a 12 16 20 00 04 08 12
CORRECTED GEOMAGNETIC LOCAL TIME

Figure 9. The Diurnal Latitude Dependence of the
Auroral Oval for Various Q Values

For operational use, one would seek the probability distributions at various CG

latitudes under varying assumptions such as: (a) What is the probability for the

auroral oval to affect a specific latitude and longitude?; (b) What is the probability

that the whole sector in the test area along a given CG latitude is affected by the

auroral oval?; or (c) What is the probability that the auro'al oval would affect any

section in the test area along a given CG latitude?

Toward achieving this goal, first the general case 'a' of an auroral oval

affecting a given latitude and a given longitude will be considered in detail. 'his

will he followed by examples of two selected latitudes for answering the questions
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b and 'c'. One would then be able to follow/use the procedure for deriving the

probabilities for any latitude covered by the ERS test area for satisfying the speci-

fic needs like those for 'b' or 'c.

For the case 'a, the probabilities from corrected Q in Table 2f are combined

with the systematic diurnal motion of the auroral oval seen in Figure 9. These

probabilities are presented in a series of graphs in Figures 10-1 to 10-18 to cover

the CG latitude range of 580 to 75'.

Figure 10-8 is for latitude A=65'. A reference to Figure 9 shows that a mag-

netic disturbance with Q-> 2 is needed for the auroral oval to Leach this latitude. A

reference to Table 2f shows that the highest cumulative probability (column 2) for

Q - 2 is 68 percent. Thus the highest probability in Figure 10-8, the height of the

envelope is 68 percent. Starting from the corrected magnetic local noon, the ot il

first reaches this latitude at 1645 CGI'T and stays (or goes further equatorward) up

to 0915 CGLT. During the period 0915 to 1645 CULT the oval is poleward of, and

does not reach the latitude A=65' . Also it is recalled that in Figure 9 for the highest

value Q=9 the duration of the oval at any single longitude and with A=65', is 14 hr

(1815 to 0815 CGLT). In Figure 10-8 the maximum duration is (1645 to 0915)

16- 1/2 hours. This width is based. in addition, on the distribution of the corrected

Q index of 1974. The first curve on the left-hand side in the envelope is for a

minimum continuous duration of 15 ir for the disturbance at X=65'. The last curve

on the right-hand side inside the envelope is for the duration of disturbance to last

at least for 1 hr at A\65o. For example once the CULT is 07 15 at X=65'. thle

longest duration for this latitude to be affected, cannot be more than 2 hr (from

0715 to 0915 CGLT).

Figure 10-15 presents the expected probabilities at A=72'. The Starkov Eq. (1)

shows that normal , the oval would reach this latitude (from the pole) for 12 hr if

Q=0. In the figure the 100 percent probability is from 1830 to 0800 CUI.T, for a

period of 12-1/2 hours.. The increased duration arises from the fact that the higher

Q values push the oval to lower latitudes (< 77') in the night sector. In the figure,

the probability never drops below 42 percent at this latitude. This minimum prob-

ability is only for the period from 1100 to 1500 CGLT.

In the above discussion the results are based on the oval boundary determined

from discrete auroral arcs from the Starkov equation. An invading aircraft could

fly unnoticed under the auroral oval, manifesting ai threat over the EJIS-area.

From the use of graphs in Figure 10, one can predetermine the levels of relative

threat at various C(; latitudes with time (CGLT) along any given longitude of the

III.S test area.

For answering the questions 'b' and 'c' one has to take into account the time

widths at respective CG latitudes of the IMS test a rea. These time widths have

already been presented in Figure 8.
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When one considers the threat over the entire length along a given CG latitude

of the test area, the time intervals are limited such that the auroral oval simul-

taneously affects both the eastern and the western edges of the test area along that

latitude. This additional constraint has to be introduced in the graphs of Figure 10.

Let us consider the situation at A = 65°. For the sake of convenience Figure

10-8 is reproduced as Figure lal. It is recalled that the graphs in Figure 10

referred to only single longitude. Referring to the ERS test area in Figure 6, the

results can be applied to the corrected geomagnetic local time of the western

longitude of the ERS test areas, as well as to its eastern longitude. Though tile

CG Local times are the same for both the western and the eastern edges of the area,

the respective local times are separated from each other by 250 min (from Figure 8).

When the condition of simultaneous effect at both the ends (east-west) is imposed

the time width of the probability curve would reduce (symmetrically) by that amount.

The corresponding curves are presented in Figure llbl. In Figure llbl the height

of the probability curve, being controlled by the distribution of the corrected Q

index, is unchanged. The width of the peak is reduced to 45 min (0045 to 0130)

compared to that of 285 min (2245 to 0300) in Figure llal. The width at the base

90 percent probability) is reduced correspondingly from 16-1/2 in Figure Hal to

12-1/2 hr in Figure llbl.

Figures 1la2 and llb2 present results for latitude A=72". Tie results are

similar to those for A=65 ° in Figures 1lal and llbl. In both Figures Ila2 and

1lb2, the minimum probability for auroral disturbance is 42 percent. The mere

motion of the Starkov oval indicates that the duration should be 12 hrl for, 100 per-

cent probability due to auroral disturbance at A=72. It is already shown that the

Q index distribution increased this duration (Figure 1lbl) to 13-1/2 hours. Hefer-

ring to Figure 8, the time width of the EfiS test area at A=72' is i8O minutes. This

reduces the nidth o;f simultaneous effect over the test area at ,\=72' by 3 hr from
I'igu re 11 2 to I- igure I 1b2.

In inswering question 'c' it folhcms that one would have to exten,, the tinie width

.4uch that, even if one edge (eastern/western) is clear of any aurorl disturbances,

the possibihty th:jt the remaining edge of the test area could be affected. h-As to

he conside red. Thus the %idths of the graphs in Figure 10 have to he inc reased to

take into i ccount the time width of the LIS test a rea at v'irious latitudes a 1readv

shiwn in I igure 8. [he t, orresponding resuits are presented i 1 igu rs ille and

11c2 for, ltitudes i,.° ind 2'° respectively. In contrast to the r.diction in widths

frim I igur,-s I I I id 1 1;,2 to 'igures 11 hi and 111)2. o,e now s(e g iro increase

in the v.'idths h% the so ' ;renrants in the respective ligurcs 1Il and 11,2 (from

l-igures 1 irind lla2(.

lYhus oie cal sfleet ind/or derive I set of griaphis from 1'gur. 10, to satisfy

the specific needs diffe rent froni those, of the riper.,tion:i use, of the ur'aphs ill

FIigure 10.
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4. CONCLUSIONS

The presence of one or more phenomena such as discrete aurora, continuous

(diffuse) aurora, sporadic E layer E s , auroral E layer Ea , F 2 layer, F layer

irregularity zone (FLIZ), the ionospheric trough, could affect the test area. De-

pending on the factors such as the locations of the transmitter and the receiver of

the radar system, the emission power of the transmitter, the threshold signal

detectability of the receiver, one has to determine as to which of the above

phenomena, the radar system is most susceptible.

The statistical study of the Q index data in 1974 from Sodankyla, in conjunction

with the ERS test area, shows that only about one-fourth of the poleward sector of

the area is affected by auroral disturbances for more than 50 percent of the time.

The middle one-third portion is affected for less than 25 percent of the time and

the bottom third portion is free of any auroral disturbances at all times.

In all the above discussion, the location of the equatorward boundary of dis-

crete auroral arcs from the Starkov equation, was the criterion affecting the

regions in 4 he test area. For example, if instead, the radar system is susceptible

to diffuse aurora, in preference to discrete auroral arcs, another study4 has shown,

that the diffuse aurora statistically lie 30 equatorwards of the discrete arcs. Thus

the probabilities presented in Tables 5 and 6 at various latitudes have to be moved
30 equatorwards. Thus the present probability at 750 CGL from discrete auroral

arcs has to be used for 720 CGL in case of diffuse aurora.

This report has developed a technique to determine the effect of the variation

of the Q index measured from a single auroral station on the radio wave surveil-

lance in the coverage area of a OTH backscatter radar system. To facilitate this

demonstration a number of illustrations and tables have been presented. This will

ease the application of this technique to any other test area covered by any radar

system.

The first section shows that the Q index measured from a sire auL',oal station

exhibits a diurnal variation due to the movement of the earth under an auroral
oval. This systematic diurnal variation can he eliminated effectively by deter-
mining a set of empirical factors. The corrected data set from a single station

may then be used reliably for computing the durations as well as the levels of

magnetic (and auroral) disturbances.

The second section combines the localtion of th. tillrord oval at CGaiols c';
latitudes expected frorn tho Starkov cqu_,tion, %-with the corr,-tcd dir:tions anid

corrected levels of the rca,;gnetic ;cti', it% index (Q. for ot,1inlnll tii ohhilitici

4. Dandekar, B.S. )1979) Study of the L'quatorward Ed 'e of the \uroral ,val from
Satellite Obse ns, G 9
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